A new methodology for the estimation of the term structure of risk-free rates, called the CDS-adjusted approach, is developed and empirically applied to the Japanese financial markets. The CDS-adjusted approach provides the term structure of risk-free interest rates that is consistent with both government bond yields and sovereign credit default swap (CDS) spreads. Naïve approaches presume that the government bonds are risk-free and ignore non-zero spreads of the sovereign CDSs. The CDS-adjusted approach does not have such a flaw because the default risk premium in the government bond yield is compensated for by the application of a reduced-form model of default risk to the sovereign CDS spread and the government bond spread.
Introduction
The risk-free rate is a theoretical rate of return of an investment with no risk. The risk-free rate plays an important role in finance theory for such applications as the capital-asset pricing model, the modern portfolio theory, and the option pricing model. Traditionally, researchers and practitioners have presumed that the interest rates estimated from government bond prices are appropriate proxies for the risk-free rate. In particular, government bonds issued by the United States and Germany have been presumed to be risk-free. Even after the global financial crisis that started in August 2007, German government bonds are regarded as risk-free assets, and for other euro-area countries, the yield spreads over the German benchmark yield are regarded as risk premiums (Remolona et al. (2008) , Beber et al. (2009 ), Favero et al. (2010 , Oliveira et al. (2012) , Calice et al. (2013) ). Thus, the euro-area government bonds issued by countries except Germany are not regarded as risk-free. In addition, financial supervisors begin to take a skeptical view of the riskless nature of the government bonds. The Bank for International Settlements held the conference "Sovereign risk: a world without risk-free assets?" in January 2013 (Bank for International Settlements, 2013) . At the conference, Fisher (2013) asserted that sovereign bonds were not risk-free.
The advent of credit derivatives, specifically credit default swaps (CDSs), unveils the default risk on the government bonds. The CDS is a bilateral contractual agreement that transfers the default risk of one or more reference entities from one party to the other. One party, the protection buyer, makes a quarterly periodic payment to the other party, the protection seller, during the term of the CDS. If the reference entity defaults or incurs a pre-determined credit event, the protection seller is obligated to compensate the protection buyer for the loss by means of a specified settlement procedure. The protection buyer is entitled to the protection on a specified face value, referred to as the notional amount, of the reference entity debt. Non-zero spreads of the sovereign CDS imply that the government bonds are not free from default risk. In fact, the sovereign CDS spread is non-zero even for the United States and Germany, and this fact indicates that the government bonds have a default risk. Therefore, the interest rates estimated from the government bonds are not appropriate to the risk-free interest rates.
The valuation models of default risk are categorized into two types, the structural model and the reduced-form model. In the structural models, default occurs when a process describing the value of the firm meets a given boundary. The reduced-form models assume that the timing of default is specified in terms of a hazard rate. Bielecki and Rutkowski (2010) comprehensively survey both the structural and reduced-form approaches. In the framework of the reduced-form model, Longstaff et al. (2005) and Houweling and Vorst (2005) give the evaluation formula of default risk for corporate CDS as well as for corporate bonds.
There are controversies regarding which rate is the appropriate proxy for the risk-free rate. Few proxies are proposed in the context of CDS valuation. An investigation of the default risk in a CDS contract reveals that both the Treasury and the swap rate have been employed as the risk-free rate. For example, Longstaff et al. (2005) use the Treasury, Refcorp, and swap rate curve as the risk-free rate. Blanco et al. (2005) use the swap rate as the risk-free rate. Houweling and Vorst (2005) notice that the CDS market appears to use the swap rate rather than the Treasury rate as the risk-free rate. Fabozzi et al. (2007) employ as a proxy for the risk-free rate the 12-month London Interbank Offered Rate (Libor).
Although there is much literature on CDS valuation and related topics, the majority of the studies concern the corporate CDS. With the understanding that both CDS spreads and bond spreads reflect default risk, a direct comparison of the two types of spreads enables the classification of the risk premium of the CDS into a default, liquidity, systematic, or other risk component. Hull et al. (2004) report that the CDS spread is consistent with corporate bond spreads. Blanco et al. (2005) demonstrate that the majority of the corporate spread can be attributed to the default spread. Fabozzi et al. (2007) assert that the CDS spread is comprised of the liquidity component as well as the default component. Pu (2009) reports that a liquidity component exists in both the CDS spreads and the corporate bond spreads. The direct comparison of the bond spread and the CDS spread is easy to implement; however, its result is biased as indicated by Duffie (1999) and Duffie and Liu (2001) . The application of the reduced-form models to the valuation of the CDS spread does not suffer from such a bias and makes it possible to distinguish risk components that compose the CDS spread. Longstaff et al. (2005) regard the CDS spread as purely a result of the default risk, and they use the CDS spread as a benchmark of the default risk to identify the liquidity component in the corporate yield spread, for cases in which the issuer of the corporate bond and the reference entity of the corporate bond are the same. Houweling and Vorst (2005) compare the default risk pricing between the bond market and CDS market, and they find that the price discrepancies between bond spreads and CDS spreads are quite small.
The global financial crisis that began in August 2007 spurs the study of the relationship between the sovereign CDS and governmental bond markets. Pan and Singleton (2008) examine the sovereign CDSs of three countries --Mexico, Turkey, and Korea --and they find that single-factor models, in which the country-specific default intensity follows log-normal processes, capture a majority of the variation in the term structure of CDS spreads. Remolona et al. (2008) and Longstaff et al. (2011) use a dynamic model to analyze sovereign CDS spreads and find that the spreads are composed of the expected losses from default (i.e., the default component) and the risk premium required by investors as a compensation for the default risk. Calice et al. (2011) take the German CDS spread and the German government bond yields as benchmarks and apply a time-varying vector autoregression to the CDS spreads for other European countries. Their result indicates that the liquidity risk is not reflected in the CDS spread for high-credit countries, for example, Austria and France. Furthermore, Calice et al. (2011) implicitly assume that the mid spread of the German CDS and the mid yields of the German government bond are free of liquidity risk. Therefore, in applying the default risk model to the sovereign CDS spreads, there is no consensus on how much liquidity risk is reflected in the CDS spread as far as the authors concerned.
The purpose of this study is to establish an estimation methodology for the term structure of risk-free rates that is consistent with the non-zero spread of the sovereign CDSs. The resultant risk-free rate is called the CDS-adjusted risk-free rate because the risk-free rates are extracted from the government bond yields by offsetting the default risk on the government bonds. Naïve approaches presume that the government bonds are free of default risk and estimate the term structure of interest rates solely from government bond prices; the term structure of interest rates is obtained so that the average pricing error of the government bonds is minimized. Subsequently, the term structure of default intensities is estimated from the sovereign CDS spreads by using a reduced-form model of default risk. Contrary to the naïve method, the CDS-adjusted method regards the government bonds as risky assets. The term structure of CDS-adjusted risk-free rates and that of the default intensities are jointly estimated from the government bond yields and the sovereign CDS spreads; the term structure of interest rates is estimated so that the average pricing error of the government bonds is minimized under the constraint that the theoretical spreads of sovereign CDS coincide exactly with those of the market. The empirical study is conducted by applying the cubic B-spline function to the forward rate curve (Fisher et al. (1995) ). The default risk is evaluated by the reduced-form model (Houweling and Vorst (2005) ), where the default intensity is assumed to be a deterministic piecewise constant function. The CDS-adjusted approach successfully estimates the term structure of forward rates and that of the default intensities. The remainder of the paper is organized as follows. The new methodology is detailed in the next section. The data used in the empirical analysis are explained in Section 3. Section 4 reports empirical results. Section 5 concludes the paper.
Methodology
In the financial literature, government bonds are presumed to eliminate the default risk. The U.S. Treasury Bonds and the German government bonds in particularly are thought to be default risk free. On the contrary, financial supervisors raise serious doubts about the default riskless status of government bonds and held the conference "Sovereign risk: a world without risk-free assets?" in January 2013 (Bank for International Settlements (2013)). In addition, the non-zero spreads of the sovereign CDSs imply that the government bonds are not free of default risk. The levels of the CDS spreads for the U.S. and Germany are significantly lower than other countries; however, the fact that the CDS spreads are not zero suggests that a default risk exists in the government bonds. The main objective of the paper is to propose a new methodology for the estimation of the term structure of risk-free interest rates and that of the default intensities, where non-zero spreads of the sovereign CDS are reflected. The method is called the CDS-adjusted method because the term structure of risk-free rates is consistent with the government bond prices and CDS spread. In other words, the CDS-adjusted method isolates the risk-free interest rates from the government bond yields by exploiting the sovereign CDS spreads.
Government bonds are one of the most liquid bonds in the developed countries. Liquidity risk is regarded as symmetric in bid and ask prices, and it is assumed that the mid price, the average of the bid and ask prices, does not contain a liquidity component. Therefore, throughout the study, it is presumed that the government bonds do not have a liquidity risk premium in so far as the mid prices of these bonds, which are the average of the bid and ask prices, are employed. The same argument applies to the liquidity of the sovereign CDSs. The sovereign CDSs are one of the very liquid instruments. Although the bid-ask spread of the sovereign CDS implies that a liquidity risk exists, it is assumed that the liquidity risk is offset as far as the mid-spread of the bid and ask spreads is exploited. To restate, in the rest of the paper, the liquidity risk premium is unconcerned with whether the mid-price or mid-spread is employed.
In this section, the CDS-adjusted method is presented in detail. In subsection 2.1, a default risk model is reviewed to introduce the notation used in the paper. In subsection 2.2, the term structure of default intensities and an interpolation procedure of the CDS spread are explained. The representation of the term structure of risk-free forward rates is documented in subsection 2.3. Section 2.4 illustrates how to obtain the CDS-adjusted term structure of forward rates by comparing the CDS-adjusted method with the naïve method.
Default risk model
Default risk models are categorized as either structural or reduced-form (Duffie and Singleton (2003); Schonbucher (2003); Lando (2004); Bielecki and Rutkowski (2010)). The financial statement on a firm is used directly to implement a structural model. However, the information on the financial status of a government is not adequate to estimate the default risk of the government. Thus, the implementation of a structural model for the default risk of the government is difficult, and therefore the reduced-form models are appropriate to evaluate the default risk of the government.
A reduced-form model assumes that the default event of a reference entity is modelled by a point process. Let
t T , and ( ) t ϕ denote the default intensity at time t , the martingale survival probability at time t up to time T , and the probability density function associated with the intensity process ( ) t λ , respectively. The following relationships hold for them:
The default intensity is assumed to be a deterministic function or a stochastic process. Houweling and Vorst (2005) assume that the default intensity is a constant, linear, quadratic, or cubic deterministic function with respect to the term to maturity. Longstaff et al. (2005) assume that the default intensity follows the CIR-type of stochastic process.
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Next, consider a valuation of CDS contract at time t . For simplicity, its notional principal is normalized to 1, and the cash settlement is performed when a credit event occurs. The premium p is paid by the protection buyer to the protection seller at the payment dates
. The value of a fixed leg is given by the following:
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where ( , ) t S α is the year fraction between times t and S , and 
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The value of a floating leg is expressed as follows:
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The CDS spread is a value of the premium at which it holds
Term structure of default intensities
Although CDSs have liquidity risk, it is assumed that the liquidity premium is offset by exploiting the mid spread, which is the average of the bid and ask spreads. The CDS spread data are sparse with respect to maturity. The majority of databases record CDS spreads for 1-, 2-, 3-, 5-, 7-, and 10-year maturities. In addition to these maturities, certain databases contain the CDS spreads for 6-month and 4-year maturities. The 5-year CDS is the most liquid, and other CDSs may have pricing errors. To complement the CDS spread data and also to alleviative the pricing errors, the cubic spline curve is applied to the CDS spread data with respect to term-to-maturity,
where ω is a smoothing parameter, y  and ( ) f x  are the market and theoretical spread of the th CDS, respectively, x  is a maturity, and w  is a weight for th CDS. The smoothing parameter is set to 0.75 ω = . Knot points are set at 6-month, 1-, 2-, 3-, 4-, 5-, 7-, and 10-year, which correspond to the maturity of the original
The default intensity ( ) t λ is represented by a piecewise constant function that is discontinuous at simple knots placed at every 3-month increment from 3-month to 10-year. The total number of parameters for the piecewise constant function is 40. This parameterization offers the advantage of being able to fit the theoretical CDS spreads to the corresponding market spreads.
2.3.
Term structure of risk-free interest rates
In both the naïve and CDS-adjusted methods, the term structure of forward rates is represented by cubic B-splines. The difference is in the calculation of the present value of cash flow and the method of optimization. In the CDS-adjusted method, a cash flow is discounted by the forward rate and the default intensity as given by eq.
(2), while it is discounted solely by the forward rate in the naïve method. The naïve method simply optimizes the pricing error of bonds, while the CDS-adjusted method optimizes the pricing error of bonds under the constraint that the theoretical spread of the CDS coincides with the corresponding market spread.
The term structure of forward rates is estimated from the outstanding government bond prices To facilitate a representation of the cubic B-splines, the knot points are augmented as 1
, and 
The forward rate at time t prevailing at t τ + is denoted by ( , ) f t τ , and the spot rate at time t maturing at t τ + is denoted by ( , ) r t τ . The forward rate is represented by the cubic B-splines as
Let ˆn P denote the theoretical price of nth bond. In the naïve method, the theoretical price is expressed as (
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for a pure discount bond. On the contrary, in the CDS-adjusted method, the theoretical price is given by 
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for a pure discount bond. The term structure of the forward rates is estimated by minimizing the following objective function,
( 1 6 ) where the second term is a smoothing penalty function and ρ is the smoothing parameter that controls the bias-variance trade-off.
Forward rate curve has a fine structure in a short maturity, and the dense knots are set up to 18-month. Certain 10-year JGBs have a longer maturity than 10-year, and it is practical to obtain the smooth forward rate curve at the longer end of maturity. Thus, the time horizon is set to 13 years. In summary, the knots of the cubic B-spline are placed at 3-, 6-, 9-, 12-, and 18-month and 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10-, 11-, 12-, and 13-year. The total number of parameters in the cubic spline is 2 17 2 19 K + = + = .
Estimation procedures
The naïve approach presumes that the government bonds are risk-free and takes two steps to estimate the term structure of interest rates and that of the default intensities; in the first step, under the assumption that the government bonds are free of default risk, the term structure of interest rates is estimated solely from the government bond prices. The term structure of forward rates is represented by parametric or non-parametric functions. In this study, the cubic B-spline function is chosen (Fisher et al. (1995) ). In the estimation of the term structure of interest rates, the average pricing error of the government bonds is minimized with the smoothing penalty on the interest rate curve as given in eq. (16). The smoothing parameter is set to 4 10 ρ − = 3 . Subsequently, the term structure of default intensities is estimated from the sovereign CDS spreads by using the reduced-form model of default risk (Houweling and Vorst (2005)). The term structure of default intensities is represented by a parametric or non-parametric model. Longstaff et al. (2005) use the CIR-type of differential equation for the default intensity. Houweling and Vorst (2005) assume that the default intensity is a deterministic function. Here, the piecewise constant function is applied to the term structure of default intensities; the piecewise constant function has knots at every 3-month increment from 3-month to 10-year. The default intensity is estimated by using the bootstrap method from the shorter maturity to the longer maturity so that the theoretical spread is the same as the corresponding market spread. The CDS spread data are sparse with respect to maturity, and it is not enough to impose the smoothing penalty on the default intensity curve.
The new method presumes that the government bonds are risky assets. The purpose of the study is to establish an estimation methodology for the term structure of risk-free rates that is consistent with the non-zero spread of sovereign CDSs. The estimated term structure of interest rates is named as the term structure of CDS-adjusted risk-free rates because the term structure of interest is consistent with both the government bond yields and the sovereign CDS spreads. Contrary to the naïve approach, the CDS-adjusted approach regards the government bonds as risky assets. The CDS-adjusted risk-free rates are jointly estimated from the government bond prices and the sovereign CDS spreads. The term structure of interest rates is estimated so that the average pricing error of the government bonds is minimized with the smoothing penalty on the interest rate curve, where the optimization is performed under the constraint that the theoretical spreads of the sovereign CDS exactly coincide with those of the corresponding market. To satisfy the constraint, the default intensities are estimated by using the bootstrap method from the shorter maturity to the longer maturity so that the theoretical spreads of the CDS are the same as the corresponding market spreads. Thus, the term structure of risk-free interest rates and that of default intensities are simultaneously estimated. Empirical study is conducted by applying the cubic B-spline function to the forward rates (Fisher et al. (1995) ). The default risk is evaluated by the reduced-form model (Houweling and Vorst (2005)) in which the term structure of default intensities is represented by a piecewise constant function with knots at every 3-month increment from 3-month to 10-year. The smoothing parameter is set to
The difference between the CDS-adjusted method and the naïve method lies in the timing of imposing the constraint that the theoretical spreads of the CDS are the same as the corresponding market spreads. In the CDS-adjusted method, the constraint is set within the optimization procedure of minimizing the average pricing error of the government bonds. On the contrary, in the naïve method, the constraint is set after the optimization procedure of minimizing the average pricing error of the government bonds.
Data
Data on the sovereign CDS spreads and government bond yields is collected. The mid-quotes of the spreads on the sovereign CDSs for Japan are provided by Markit. The currency of the Japan CDS is the Japanese Yen. The database records the monthly CDS spreads from 2005 to 2012. The CDS maturity spans the 6-month, 1-, 2-, 3-, 4-, 5-, 7-, and 10-year. Fig. 1 displays the time series of the Japan CDS spreads. The CDS spread surges for all maturities after November 2008. The CDS spread for the 6-month and/or 4-year maturity is missing on several days. To fill in the missing data and to complement the CDS spreads from 3-month to 10 years with hypothetical data, an interpolation of the CDS spread is performed by the cubic splines as explained in section 2.2. Markit provides recovery rate on default. The recovery rate varies from 0.27 to 0.40 , and its average is 0.34 . In the estimation procedure, the recovery rate is set to a constant of 1 3.
Government bonds are one of the most liquid assets in the financial markets in Japan. Among the government bonds, the Japanese Treasury Bills (JTBs), the Japanese Financial Bills (JFBs), and the 10-year Japanese Government Bonds (JGBs) are more liquid than other government bonds. The JTBs and JFBs are short-term pure discount bonds whose original term-to-maturities are either 3-month, 6-month, or 1-year. The 10-year JGBs are fixed-coupon bearing bonds whose original term-to-maturities are 10 years. Yields of the JTBs and JFBs are used as benchmarks to the short-term interest rates; similarly, the yields of the 10-year JGBs work as benchmarks to middle-and long-term interest rates. The price data on the Japanese government bonds are provided by the Japan Securities Dealers Association (JSDA). The reference yields are calculated by the JSDA based on quotations reported by the designated-reporting members of the JSDA. The reference yields are mid-price data. The mid-price of the JTBs, JFBs, and 10-year JGBs are collected to estimate the term structure of interest rates. The JGBs are highly liquid, as well as the JTBs and JFBs; however, the JGBs lack liquidity when the remaining term-to-maturities become less than one year. Thus, in the estimation procedure, the 10-year JGBs are filtered out once the remaining term-to maturities become shorter than one year.
The time series of the original CDS spreads is displayed in Fig. 1 . Before the global financial crisis that began in August 2007, the CDS spreads are quite low across all maturities, and they rise rapidly in the turmoil of the crisis. Even after the end of the global financial crisis, the CDS spreads do not revert to the same low level as before the financial crisis.
At first, the result from the naïve method is reported for comparison with the result from the CDS-adjusted method. The naïve approach successfully estimates the term structure of forward rates and that of default intensities. The term structure of forward rates is exhibited in Fig. 2 . The naïve approach gives the well-known results; the short-term forward rates take a slightly negative value until September 2005 because of the zero-interest policy of the Bank of Japan. The term structure of forward rates acquires a humped shape with a peak at between 8 and 9 years. The range of the forward rates is between 0% and 5%. The term structure of default intensities is displayed in Fig. 3 . The default intensities are close to zero before November 2008, which is similar to the original CDS spread data. The default intensities are low before the global financial crisis; however, after the crisis, the default intensity rises in accordance with the surge of the CDS spread.
Next, the result from the CDS-adjusted method is presented. The CDS-adjusted approach successfully estimates the term structure of forward rates and that of default intensities. The term structure of forward rates is displayed in Fig The pricing errors of the government bond are very small in the naïve and CDS-adjusted methods. The square root of the average of the squared percentage pricing error is plotted in Fig. 6 . In the naïve method, the square root of the average of the squared percentage pricing error is very small, 0.0674 percent on average. In the CDS-adjusted method, the square root of the average of the squared percentage pricing error is greater than that of the naïve method, and it is 0.112 percent on average. The CDS-adjusted method conveys pricing errors twice as much as the naïve method because the CDS-adjusted method minimizes the average of the squared percentage error under the constraint on the default intensities.
The difference in forward rates, defined as the naïve forward rate minus the CDS-adjusted rate at the same maturity, is investigated. The term structure of the difference in forward rates is displayed in Fig. 7 . The difference is negligible before November 2007, and the difference is less than 0.2% between 2005 and 2007. However, in the later years, the difference is more than 0.4%. After January 2009, the difference is remarkable and the term structure of the difference has a humped shape with a peak located at approximately 5 to 7 years with respect to term-to-maturity. The difference is especially large in 2010, when it exceeds 1.8%. The term structure of the difference is similar to the term structure of CDS spreads. This is because, roughly speaking, the level of the CDS-adjusted forward rate is the level of the naïve forward rate subtracting the magnitude of the default intensity.
The difference in default intensities, defined as the naïve default intensity minus that of the CDS-adjusted at the same maturity, is investigated. The term structure of the difference in default intensities is exhibited in Fig. 8 . The differences in default intensities between the naïve and CDS-adjusted approaches are negligible across term-to-maturities.
When the CDS-adjusted method is applied, the empirical result indicates that not only short-term but also middle term forward rates take negative interest rates. The negative forward rates are selected and depicted in Fig. 9 in which the absolute values of the negative forward rates are plotted. The short-term forward rates take a negative value from January to September 2005 at which point the zero-interest rate policy of the Bank of Japan is effective. Middle-and long-term forward rates take a negative value from February 2007 to December 2013 with the exception of July 2009. The surge in the CDS spreads from the beginning of 2007 leads this feature. The negative spot rates are selected and depicted in Fig. 10 in which the absolute values of the negative spot rates are plotted. From February 2007, the spot rates take negative values for almost every range of maturities. This finding seems contrary to the principle of financial theory; however, it is not, as explained in the following. The risk-free interest rates are purely theoretical objects and they are not tradable. Thus, negativity of the risk-free rate does not matter if only tradable assets concern. Any tradable interest rate in the real world is risky and the positivity of "tradable" interest rates is essential.
Conclusion
Traditionally, the term structure of risk-free rates is estimated solely from the government bond yields. The naïve approach presumes that the government bonds are free of default risk, and the term structure of interest rates is estimated solely from the government bond prices; the term structure of interest rates is established such that the average pricing error of the government bonds is minimized. Subsequently, the term structure of default intensities is estimated from the sovereign CDS spreads by using a reduced-form model of default risk. However, this methodology conflicts with the definition of the risk-free rates because the sovereign CDS spread is non-zero even for the United States and Germany, and this fact indicated that the government bonds have default risk.
The new methodology, called the CDS-adjusted methodology, does not have such a flaw because the CDS-adjusted approach regards the government bonds as risky assets. The CDS-adjusted method treats the government bonds as defaultable bonds similar to corporate bonds; the risk-free rate encapsulated in the government bond yields is extracted by evaluating the default risk from the sovereign CDS spreads. The term structure of interest rates and that of default intensities are jointly estimated from the government bond yields and the sovereign CDS spreads. The term structure of interest rates is estimated so that the average pricing error of the government bonds is minimized under the constraint that the theoretical spreads of sovereign CDS exactly coincide with those of the corresponding market. The CDS-adjusted approach successfully estimates the term structure of forward rates and that of default intensities.
The empirical results reveal a new fact that not only short-but also middle-term risk-free forward rates take the negative values for certain dates. The difference in forward rates between the CDS-adjusted and naïve methods is not small, and it adopts a humped shape with respect to term-to-maturity, the peak of which is located at approximately 5 to 7 years. Furthermore, the short-term forward rates have a negative value from January to September 2005 and the middle-and long-term forward rates have a negative value from February 2007 to December 2013 with the exception of July 2009. The spot rates take negative values for almost every range of maturities from February 2007. This finding of the negative risk-free rates appears to be contrary to the principles of financial theory; however, it is not, as interpreted in the following. The risk-free interest rates are purely theoretical objects, and they are not tradable. Any tradable interest rate in the real world is risky, and the positivity of the "tradable" interest rates is essential. This study introduces a new but consistent definition of the risk-free rates. The risk-free rates are one of the basic concepts in financial theory. The immediate application of this study is an integrated risk management of sovereign CDSs and governmental bonds. The risk-free rates derived from the naïve method entail inconsistency in the assessment of the default risk. 
